without dysmorphic features had deletion 22q11. Conotruncal heart defects were the most common CVMs, often presenting in association with additional anomalies in four areas of the cardiovascular system: (1) the aortic arch can be right sided, cervical, double, and the subclavian artery can be aberrant, (2) the pulmonary arteries can present discontinuity, diffuse hypoplasia, discrete stenosis, defect of arborization and major aortopulmonary collateral arteries (MAPCA), (3) the infundibular septum can be malaligned, hypoplastic, or absent, (4) the semilunar valves can be bicuspid, severely dysplastic, insufficient, or stenotic. Conclusion: In subjects with deletion 22q11 CVM is virtually always associated with one or more noncardiac anomalies. Deletion 22q11 is exceptionally rare in children with nonsyndromic CVMs. Specific patterns of CVMs are observed in patients with deletion 22q11, including (1) anomalies of the aortic arch, (2) anomalies of the pulmonary arteries and of the pulmonary blood supply, (3) defects of the infundibular septum, (4) malformations of the semilunar valves. These additional CVMs may influence the surgical treatment of these patients. Genetics in Medicine, 2001:3(1):45-48.
The impact of cardiac problem is very important in children with DiGeorge/velocardiofacial syndrome (DG/VCFS) and deletion 22q11, since symptomatic cardiovascular malformations (CVMs) affect the 75% of patients. 1 Moreover, the CVM is the cause of death in the great majority of cases accounting for 87% of patients with this syndrome. 1 The increasing rate of diagnosis of asymptomatic aortic arch malformations in patients with deletion 22q11 will further increase the number of CVMs associated with this genetic condition.
The "classic" CVMs occurring in patients with deletion 22q11 are conotruncal defects, [2] [3] [4] [5] [6] [7] [8] [9] [10] including tetralogy of Fallot (TF), pulmonary atresia with ventricular septal defect (PA-VSD), truncus arteriosus (TA) and interrupted aortic arch (IAA), but also ventricular septal defect was commonly described. However, in children with this syndrome, other types of CVM were occasionally reported, including atrial septal defect, atrioventricular canal, tricuspid atresia, transposition of the great arteries, hypoplastic left ventricle, heterotaxy, aortic coarctation, vascular rings, and other anomalies of the aortic arch. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The accurate study of cardiac phenotype revealed that additional CVMs are common in children with conotruncal defects and deletion 22q11 so that distinctive patterns could be recognized in patients with this syndrome as well as were recognized in patients with other genetic syndromes. [15] [16] [17] [18] In this report, we summarize our experience and the cardiac anatomy in children with conotruncal defects and deletion 22q11, describing the association with phenotypical findings.
MATERIALS AND METHODS
From 1993 to 2000, 931 children with CVM were screened for deletion 22q11 in our hospital; 628 patients presented nonsyndromic CVM, 95 children had a clinical diagnosis of DG/ VCFS, and 208 cases presented with clinical features of various different genetic syndromes. Nonsyndromic patients were de-fined as those without dysmorphic features or noncardiac anomalies. A clinical diagnosis of DG/VCFS was made in the presence of almost three of the classic features, including CVM, facial anomalies, immune defect, palatal anomalies, neonatal hypocalcemia, and mental retardation. All patients underwent accurate cardiac assessment by echocardiography, and in selected patients, cardiac catheterization or magnetic resonance imaging were performed. In the majority of patients, the cardiac diagnoses were confirmed at cardiac surgery. All patients were clinically examined by two clinical geneticists (MCD, AG) and checked for additional major or minor extracardiac malformations. Standard metaphase chromosome analysis was performed in all cases. Slides were also processed for fluorescence in situ hybridization (FISH) using the Sc11.1, Co23, and D22S75 and D22S39 (control ONCOR) probes.
RESULTS
A total of 88 patients were found to have deletion 22q11. There were 52 males and 36 females. Age ranged between 0.1 and 15.9 years (age Ϯ SD 4.82 Ϯ 4.55). Among the 95 children with clinical diagnosis of DG/VCFS, 87 patients had deletion 22q11. Among 628 patients with nonsyndromic CVM, only one patient had deletion 22q11. The types of CVM in patients with deletion 22q11 are reported in Table 1 .
Tetralogy of Fallot (23 cases)
Additional CVMs were found in the half of the patients with deletion 22q11. 19 -22 These associated defects were (1) right or cervical aortic arch with or without aberrant left subclavian artery, (2) hypoplasia or absence of the infundibular septum (subarterial doubly committed VSD), (3) absence of the pulmonary valve, (4) discontinuity or diffuse hypoplasia of the pulmonary arteries.
Pulmonary atresia with ventricular septal defect (24 cases) Also in this malformation, in presence of deletion 22q11, there was a prevalence of (1) right aortic arch, (2) additional anomalies of the pulmonary arteries, including discontinuity and defects of arborization. [23] [24] [25] [26] [27] A particular anatomic subtype was represented by the patients in which the pulmonary artery blood flow was supplied by major aortopulmonary collateral arteries (MAPCA). These patients present significant anatomic differences from those with confluent pulmonary arteries and a single ductus arteriosus so called TF with PA. Also the prevalence of deletion 22q11 is different in two groups: 16% in children with TF and PA (similar to that observed in patients with simple TF) and 41% in patients with PA, VSD, and MAPCA. 28 Truncus arteriosus (10 cases) In these patients, in the presence of deletion 22q11, the additional CVMs were very common and consisted of (1) interruption or right aortic arch, (2) discontinuity, stenosis, or crossing of the pulmonary arteries, (3) severe dysplasia (prevalent stenosis) of the truncal valve, (4) origin of the TA from the right ventricle. 29 -31 In particular, deletion 22q11 is common in patients with TA with nonconfluent pulmonary arteries (Type A3 of Van Praagh), in which the right pulmonary artery arises from the TA near to the truncal valve, and the left pulmonary artery is supplied by the ductus arteriosus. 31 Interrupted aortic arch (8 cases)
Deletion 22q11 was common in patients with IAA type B (between left carotid and left subclavian arteries). [32] [33] [34] [35] [36] [37] [38] In children with IAA type A (after the left subclavian artery), deletion 22q11 was never observed in our series 32 but was occasionally reported by others. 36 When IAA type B is associated with deletion 22q11, the infundibular septum is commonly hypoplastic or absent and is deviated posteriorly and to the left; the VSD results in a subarterial position doubly committed with the pulmonary and aortic valves. 32, 38 Ventricular septal defect (15 cases) Additional CVMs were detected also in patients with VSD and deletion 22q11. 3, 8, 39 In these children, there was a prevalence of (1) subarterial doubly committed type of defect, and (2) right or cervical aortic arch. Muscular VSD was not present in our series of patients with deletion 22q11. 39 
DISCUSSION
Deletion 22q11 is exceptionally rare among children with isolated nonsyndromic conotruncal defects, 24,40 -47 and patients with CVM and deletion 22q11 virtually always present one or more noncardiac anomalies of DG/VCFS. On the basis of these data, we suggest that the accurate study of clinical Table 1 Types of congenital heart defects in patients (n ϭ 88) with deletion 22q11 from our series 15 Noonan syndrome, 16 Ellis-van Creveld syndrome, 17 and Holt-Oram syndrome 18 present distinctive type and subtype of CVMs, different from those observed in children without genetic anomalies. Recent contributions show that also in subjects with DG/VCFS and deletion 22q11 there are some anatomic aspects characterizing a specific cardiac phenotype. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] All types of conotruncal defects, when associated with deletion 22q11, commonly present additional anomalies in four areas of the cardiovascular system: (1) the aortic arch can be right sided, cervical, double, and the subclavian artery can be aberrant; (2) the pulmonary arteries can present discontinuity, diffuse hypoplasia, discrete stenosis, defect of arborization, and major aortopulmonary collateral arteries (MAPCA); (3) the infundibular septum can be malaligned, hypoplastic, or absent, (4) the semilunar valves can be bicuspid, severely dysplastic ("absent valve"), insufficient, or stenotic.
Interestingly, the infundibular septum is virtually always involved in the CVM of this syndrome, because it is malaligned and/or absent in TF, PA with VSD, and in IAA, and is always absent in TA. VSDs involving the infundibular septum are quite rare in Caucasian children, but are commonly described in oriental population. 38 Moreover, TF with absent infundibular septum is frequently reported in South American patients ("Mexican type of TF" -Dr. Aldo Castaneda, personal communication, Boston, 1985 48 ). In subjects with deletion 22q11, the infundibular septum is affected in both, Caucasian and Asian populations. 19, 20, 32, 47 In consideration of the distinctive anatomic, surgical, and genetic characteristics of TF with PA and PA with VSD and MAPCA, these two groups of malformations should be regarded as separate entities. 49 Interestingly, deletion 22q11 is quite rare in children with PA and complex intracardiac anatomy as single ventricle and complete or corrected transposition of the great arteries. 28 In conclusion, all these anatomic findings represent specific cardiac patterns characteristic of children with conotruncal defects and deletion 22q11. The knowledge of these aspects should be useful for the clinical recognition (cardiac phenotype) and for the cardiological diagnosis of these patients. However, these additional CVMs can influence the surgical treatment of children with deletion 22q11. In our experience, in patients with TF with or without PA and in those with IAA, the presence of deletion 22q11 and related additional CVMs are not risk factors for heart surgery. On the contrary, additional CVMs observed in patients with PA with VSD and MAPCA and in those with TA can complicate the surgical correction of these CVMs.
Further studies on this argument should be addressed: (1) to define the prevalence of major and minor CVMs in this syndrome, (2) to understand morphogenetic mechanism of the CVMs in relation to the specific expression of the genes, (3) to evaluate the impact and to minimize the effects of deletion 22q11 on surgical results of CVMs.
